Introduction
In Nigeria, wind energy utilization is practically minimal and relatively insignificant [1] . Though turbines have been used as wind pumps still have not been made popular due to high installation and maintenance cost [2] . In 1984, major feasibility studies on windmills were undertaken by the UNDP with specific interest in small scale irrigation, domestic water pumping, livestock water supply and electric power generation but ended up as mere desktop study. This means that there is insufficient information about the wind's quantity, quality, distribution, and utilization that could possibly be used to determine its commercial viability for utility scale power generation [2] .
In assessing the wind power potential of a candidate site the knowledge of the wind speed distribution of the site is necessary. This is because the power ratings of wind turbines are based on the probability distribution function that fits to the wind speed data of the location [3] . To generate electricity, a preliminary assessment based on available data is necessary. A preliminary assessment not only determines whether further effort is warranted, but also locates regions of significant potentials for further studies and investment opportunities [4] . Reliable site specific data on wind energy resource are needed by investors to make better investment decisions on wind power.
In this paper, the Weibull and the normal distribution functions were fitted onto a constructed histogram of the wind speed data of Kano and validated with some goodness-of-fit tests. Assessments of the wind availability and potential for utility-scale wind power generation at the hug heights of some selected wind turbines were done.
II. Data and Data Analysis

Sources of data
The mesa-scale 3-hourly records of wind speeds (measured in knots) at a height of 3 m with its station coordinates are collected from the Meteorological Department, Climate Investigation Unit of the Federal Ministry of Aviation, Lagos, Nigeria. The monthly average of the wind speed data were taken over a period of ten years (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) 
2.2
Fitting of the Weibull distribution functions The probability density function for the 2-parameter Weibull distribution [5] is given:
where k is the shape parameter which determines the shape of the Weibull distribution and c is the scale parameter.
The cumulative function is:
An approximation widely accepted for the values of k and c for the 2-parameter Weibull distribution is given [6 & 7] by:
where σ is the standard deviation of the wind speed for the site. The value estimates of k and c provide accuracy better than 0.01%.
2.3
Fitting of the normal distribution function The density function of the normal distribution function n (v) is given as:
are respectively the mean and standard deviation of v, and are the parameters of the distribution.
Goodness-of-fit test
The Kolmogorov-Smirnov (KS) and the Anderson-Darling (AD) goodness-of-fit tests were used to validate the fitted distribution functions. For the Weibull distribution, some of the Weibull properties [8] were additionally verified and these include:
I. The scale parameter c lies approximately at the 63 rd percentile. II. The plot of the transformed sorted wind speed data: (6) where should be linear and an alternative estimator of c and k.
III. The transformation should yield an exponential distribution with mean . III.
The plots of the sample data against the predicted values should be linear and have a slope of unity
Kolmogorov-Smirnov (KS) test
The basic procedure of the KS test involves the comparison between the experimental cumulative frequency and an assumed theoretical distribution function. If the discrepancy is large with respect to what is normally expected from a given sample size, the theoretical model is rejected.
For a sample of size n with arranged observed data in increasing order, stepwise cumulative frequency function is developed as follows [9] : (7) where , are the values of the ordered sample data. In the KS test the maximum difference between the theoretical model and the observed data is denoted by:
(8) For a specified significance level , the KS test compares the observed maximum difference with the critical value . If the observed is less than the critical value , the proposed distribution is accepted at the specified significance level ; otherwise, the distribution is rejected. The table for the critical value is given elsewhere [9] .
Anderson-Darling (AD) test
The AD test statistics is distribution specific. The AD goodness-of-fit test for normal distribution [10] is given as: (9) where F o is the normal cumulative distribution function with sample estimated parameters ( ); v i is the ith sorted and standardized sample values; n is the sample size ( n = 114).
The null hypothesis, that the true distribution is F o with the assumed parameters, is then rejected (at 5% significance level) if the AD test statistics is greater than the critical value (CV) [10] i.e. Reject if:
(10) The Weibull version of the AD goodness-of-fit test is given as [10] :
and (11) where . At 5% significance, reject if OSL (observed significance level) <0.05 [10] .
(12)
Wind availability
Wind availability (WA) for greater than 50% turbine capacity generation gives the percentage of the available wind that can drive a wind turbine to generate at least 50% of its installed capacity at any particular instant at its designed hub height . This is determined for a site from:
where is the minimum wind speed required by a turbine to produce at least 50% of its installed capacity at Kano and is the cut-out wind speed of a turbine. The wind availability has been determined for some wind turbines that may be installed in Kano at the manufacturers' hub heights. The turbines used are presented alongside their specifications in Table 1 . 
Wind power
The 3 m height measured wind speeds may not be sufficient to set turbines into mechanical rotation. Hence wind speeds at greater heights have been predicted. This method has been used by other wind energy researchers [11, 12] . Since the distribution of the wind speed v in Kano is shown to be Weibull in addition to its being normally distributed, its special property is that the wind speed raised to the power of is also Weibull [13] . Therefore the Hellman power law has been used to predict the wind speeds at the specify turbine hub heights ( Table 1) . Details of this law can be found elsewhere [14, 15] .
In assessing the wind power potentials of a candidate site, it is the root-mean-cube (rmc) wind speed that is considered. This is because different stations may have the same average wind speed but different rmc power densities. Given the Weibull distribution in equation (1), the expectation value of the wind speed is:
where Г is the gamma function. Also the rmc speed v rmc of the Weibull is given by: (15) Therefore, the site's rmc power density P s (W) is:
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The speed at which the wind is blowing most of the time is given by the modal speed, v m :
For the normal distribution, the site's rmc wind speed is (18) Therefore, the site power is (19)
To determine wind power potential, the knowledge of the average air density of a location is necessary. This variation can be found elsewhere [3] .
IV.
Results and Discussion
Results of the fitted distribution functions
The sample estimated parameters of the Weibull determined from equations (3 & 4) and those of the normal distribution functions which are the mean and standard deviation of the 3 m height (reference) wind speed data of Kano are presented in Table 2 . Fig. 1 (a & b) and Fig. 2 ( a & b) show the fitted Weibull and normal probability distribution functions (pdf) onto the constructed frequency diagram (histogram) of the observed wind speed data alongside their corresponding cumulative distribution function (cdf) respectively. (4)) Property II: From Fig. 3 , the slope is 6.754 k (compares with that obtained from equation (3)) and the estimates of c (=4.6915) from the graph compares with those of property I and from equation (4) It is clear from both the verified properties of the Weibull of section 3.2 and the results of the goodness-of-fit tests presented in Table 3 that the wind speed distribution of Kano is a good approximation of both the Weibull and the normal distribution functions with at least an associated 5% significance level. From the KS test both the maximum difference obtained from the distribution functions are less than their critical values (i.e. 0.0795, 0.0807<0.127). This is also a clear acceptance of the fitted distribution functions; the AD test though distribution specific were very much accepted since OSL > 0.05 for the Weibull and AD < CV for the normal distribution function.
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Additionally, Fig. 3(b) and Fig 4 represent proofs of the properties of the Weibull as theoretically suggested in section 2.4. Apart from the facts that Fig. 3(b) produced the exponential distribution as transformed, Fig. 4 provided a value of 0.958 for the slope which may be approximated to unity as property IV required. Therefore, either these tests or the KS and the AD tests have sufficiently verified that the data is Weibull distributed.
3.3
Wind availability and power The average wind speed of 5.59 ms -1 is predicted from the Hellman power law at a height 10 m with the 3 m height measured wind speed data as reference. For classification purposes, Kano is therefore a potentially class 4 wind site and by extension a suitable site for utility power generation. It is to be noted that for the predicted wind speeds at various heights, fixed shape parameter of 6.754 was estimated but different scale parameters. The scale parameters, c for the fitted Weibull are shown in Table 4 . Table 4 also gives the predicted values of the mean, mode and root-mean-cube wind speed of Kano with their corresponding power densities at heights 11, 15, 24, 31, 37 and 55 m. it is clear that representation of a site's power with an average/mean power is an under estimation of the site's actual power. The root-meancube power has been shown to be greater than the mean power . The P mode indicates the wind power that can be extracted most of the time at the site and at the given heights. Therefore turbines whose rated wind speed falls within the modal speeds would be the most suitable for utility-scale power generation in Kano. Table 5 shows the suitability of some selected wind power turbines in Kano. This suitability is indicated in terms of the values of the extractible power a turbine can have at the site and its corresponding wind availability for at least 50% capacity generation. The most suitability wind turbine is the Fuhrlander FL 30. This study has shown that FL30 can extract close to 50% of its installed capacity and be available for almost 50% of the time it may be operated. On the other hand, turbines like Vestas47 and NW100/19 may be capable of extracting close to 50% of its installed capacity but lacks the wind to offer this capacity generation for 50% of its operating time because the wind (about 3.30%) to run these turbines is almost not available at the hub height of 55 or 42 m respectively.
V. Conclusion
For the purpose of the determination of the wind energy potential of Kano, the wind speed distribution can be assumed Weibull or normally distributed with about 95% confidence level. Utility-scale wind power generation may be possible in Kano. At a height of 30 m, Fuhrlander FL 30 may be suitable. At least 15 kW can be generated for about 50% of its operating time over a year. A wind farm sited in Kano using FL30 turbines might add a tremendous amount of electrical energy to the grid system.
